A 2-year field study was conducted in northern Greece to investigate the effect of nitrogen fertilization and irrigation on productivity of three Greek chickpea varieties ("Amorgos" "Serifos", "Andros"). Chickpea, grown under irrigation regime (30 + 30 mm of water) and fertilized with 50 kg·N·ha −1 before planting and with 40 kg·N·ha −1 at blossom growth stage, produced more total dry biomass and seed yield as compared with that grown under non-irrigated conditions and fertilized with 50 kg·N·ha −1 before planting only. In particular, irrigation and nitrogen fertilization at blossom growth stage increased total dry weight of chickpea by 18.3% and 18.5%, respectively, as compared with that of non-irrigated and fertilized with N before planting. The corresponding increase of seed yield was 30.5% and 20%, respectively. The total dry biomass of "Amorgos" was 10% and 13% greater than that of "Serifos" and "Andros", while its respective seed yield increase was 5% and 16%. Finally, the quantum yield of photosystem II of chickpea was not affected by irrigation or fertilization. These results indicated that nitrogen fertilization at blossom growth stage combined with irrigation increased seed yield of all chickpea varieties, whereas the same treatments did not have any effect on plant quantum yield of photosystem II.
Introduction
Chickpea (Cicer arietinum L.) is one of the most important grain legumes as it ranks third in the world after dry bean (Phaseolus vulgaris L.) and field pea (Pisum sativum L.) [1] . Its good source for protein, complex carbohydrates, fibre, vitamins and minerals [2] [3] makes this legume an important component of human diet in developing world [4] [5] . Generally, its protein quality is higher than that of many other legumes [6] .
Chickpea is a significant contributor to agricultural sustainability due to its nitrogen fixation ability and for this reason is considered a good rotational crop [1] . Its presence improves soil health by promoting microbial population and activity [7] [8] . Although chickpea fixes nitrogen from atmosphere, there is strong evidence that nitrogen fertilization increases seed yield, seed protein and amino acids [9] - [12] . However, its requirements for nitrogen fertilization are lower than other crops to obtain higher yield and improved seed quality [13] .
Chickpea is grown on a wide range of environments, from the subtropics (India and North-eastern Australia) to arid and semi-arid environments of Mediterranean climatic regions (Mediterranean basin and Southern Australia). Although several researchers [14] - [16] have reported that this crop can grow under environmental stress conditions such as drought, high temperatures and poor soils, Krishnamurthy et al. [17] found that drought stress reduced plant growth and yield by reducing leaf surface area and rate of photosynthesis. In addition, Leport et al. [18] showed that early water stress reduced total biomass and seed yield of chickpea, while Saraf et al. [19] stated that moisture excess or deficit caused significant yield reduction on this crop.
Taking into consideration the partial drought tolerance of chickpea along with its increasing grain legume value in sustainable agricultural systems [20] , this crop can play an important role in the traditional semi-arid areas of Mediterranean basin. Furthermore, chickpea may be an important food security crop in the semi-arid and dry environments of northern Greece and it can serve as an important winter rotational crop in this region.
Based on the above findings that indicate the great importance of water and nitrogen availability on the potential growth and yield of chickpea [21] , the objective of this research is to assess the effect of nitrogen fertilization at blossom growth stage on productivity of three Greek chickpea varieties ("Amorgos", "Serifos", "Andros") grown under irrigated or non-irrigated conditions. , organic C content 5 g·kg −1 and pH (1:2 H 2 O): 7.6. Soil analysis (0 -30 cm soil depth) conducted before crop planting showed that initial nitrogen content ranged from 86 to 90 and 75 to 83 mg·kg −1 of soil in year 1 and year 2, respectively. The previous crop in year 1 and 2 was wheat and barley, respectively, whereas the mean monthly temperature and total monthly rainfall data recorded near the experimental locations are shown in Figure 1. 
Materials and Methods

Experimental Sites
Treatments and Experimental Design
Three Greek chickpea varieties ("Amorgos" "Serifos" and "Andros") were planted by hand in 40-cm rows to achieve an approximately desired density of 500,000 plants ha −1 . The selected chickpea varieties are among the most commonly grown ones in Greece. The planting was performed November 02, 2007 (year 1) and November 14, 2008 (year 2). Two days before crop planting, 50 kg·N·ha −1 and 25 kg·P·ha −1 as diammonium thiophosphate (20-10-0) were dispersed uniformly and incorporated into the soil of the experimental area. In addition, 40 kg·N·ha −1 , as ammonium nitrate (33.5-0-0), were applied in half of the plots (namely as fertilized plots) at blossom growth stage. Weed control was achieved by pre-emergence applied pendimethalin at 1.65 kg·ai·ha −1 and by hand weeding.
A split-split-plot arrangement of treatments was employed for both experiments in a randomized complete block design. The three chickpea varieties were arranged as main plots, whereas the irrigation and nitrogen fertilization regimes were arranged as subplot and sub-subplot, respectively. The main plots (12 m × 3 m) were separated by a 3 m wide alley. Each main plot was divided into two irrigation subplots (5 m × 3 m) that were separated by a 2 m wide alley. Half of the subplots were irrigated two times (30 + 30 mm of water) during the blossom growth stage of crop and the other half was not irrigated. Drip irrigation was performed in rows located 1.5 m apart. The first irrigation was performed one week before nitrogen fertilization and the other two days later. Each subplot was divided into two (2 m × 3 m) sub-subplots. Half of the sub-subplots were fertilized with 40 kg·N·ha −1 at chickpea blossom growth stage and the other half was not fertilized. Each sub-subplot included five chickpea rows. There were four replicates for each combined treatment (variety × nitrogen fertilization × irrigation).
Measurements
Chickpea plants found in the two central rows of each plot were counted at 3 weeks after seeding (WAS). The quantum yield of photosystem II (Y) was also measured at early and late blossom growth stage of chickpea. In particular, the measurements of the chlorophyll fluorescence parameters were made using a chlorophyll fluorometer (MINI-PAM, Miniaturised Pulse-Amplitude-Modulated photosynthesis yield analyzer, Company Walz, Effeltrich, Germany). The measurement of light intensity was of 0.15 μmol·m At harvest, total dry biomass, pod number, seed yield (at 14% seed moisture), and 1000-seed weight of chickpea were determined by hand-harvesting the chickpea plants of the two central rows (each 3 m long) of each sub-subplot. The plants from each sub-subplot were cut at ground level and, before determination of their total dry biomass and yield components, the samples were air-dried under shade conditions for 3 days and then oven-dried at 65˚C for 24 h to constant weight.
Statistical Analysis
A combined across year analysis of variance (ANOVA) was performed for chickpea total dry biomass, pod number, seed yield, and 1000-seed weight data using a split-split plot factorial design (chickpea variety × irrigation × nitrogen fertilization). Also, a multivariate analysis of variance (MANOVA) was made for the obtained chickpea quantum yield of photosystem II (Y) data.
The Statistical Package for the Social Sciences [22] and the MSTAT program [23] were used for the MANOVA and ANOVA, respectively, whereas the Tukey's Honestly Significant Difference test procedures were used to detect and separate mean treatment differences at P = 0.05.
Results
Chickpea Emergence and Physiological Parameters
Chickpea emergence had been completed within three weeks after planting and the obtained crop density averaged 50 plants m −2 (data not shown), which reflects the desired plant density by the farmers. Quantum yield of photosystem II (Y), determined at early and late blossom growth stage, did not indicate any significant differences due to chickpea varieties, irrigation or nitrogen fertilization (Table 1) . However, all chickpea varieties, averaged across irrigation and fertilization regimes, indicated slightly greater yield of photosystem II (Y) at the early blossom growth stage than at the late one ( Table 1) .
Chickpea Total Dry Biomass
The chickpea total dry biomass indicated significant differences due to nitrogen fertilization (P < 0.05) and chickpea varieties (P < 0.05). In particular, chickpea (averaged across year, fertilization and varieties), grown in irrigated plots, provided 18% more total dry biomass than grown in non-irrigated plots, whereas 18.5% more dry biomass was obtained for chickpea (averaged across year, irrigation and varieties) grown in fertilized plots with 40 kg·N·ha −1 applied at blossom growth stage as compared with those grown in non-fertilized plots (fertilized only with 50 kg·N·ha −1 before crop planting) ( Table 2 ). Also, "Andros" (averaged across year, irrigation and fertilization) produced 13% and 3% less total dry biomass than "Amorgos" and "Serifos", respectively ( Table  2) .
The three chickpea varieties, grown under any irrigated and fertilization conditions, produced more total dry biomass in year 2 than in year 1 ( Table 3) . "Amorgos", "Serifos" and "Andros" (averaged across year and fertilization) produced 21.4, 20% and 15% more dry biomass under irrigation regime than under non-irrigation, whereas their respective total dry biomass (averaged across year and irrigation), grown in fertilized plots, was 20.5, 19% and 18% higher than that grown in non-fertilized plots. "Amorgos", "Serifos", "Andros", averaged over years and grown in fertilized plots, produced 20%, 20% and 13% more dry biomass, respectively, than in non-fertilized plots, whereas their respective increase in irrigated and fertilized plots was 19%, 15% and 19% ( Table 4 ). In non-irrigated and fertilized plots, '"Amorgos", "Serifos" and "Andros" produced 20.5, 22.1% and 24.1% more total dry biomass, respectively, than those grown under non-irrigated and non-fertilized plots (Table 3) . Finally, in irrigated plots and fertilized plots, their respective increase of total dry biomass was 19%, 16.3% and 19.1%.
Chickpea Seed Yield
Pod number m −2 and 1000-seed weight were not significantly affected by variety, irrigation and nitrogen fertilization (data not shown), but seed yield was significantly affected by year (P < 0.001), nitrogen fertilization (P < 0.001), chickpea variety (P < 0.001), and by the interaction between irrigation × nitrogen fertilization (P < 0.05). In particular, chickpea, averaged across year, fertilization and varieties, produced 30.5 more seed yield in irrigated than in non-irrigated plots, whereas 20% more seed yield, averaged across year, irrigation and varieties, was obtained when it was grown in fertilized than in non-fertilized plots ( Table 2) . Also, "Amorgos" (averaged across year and fertilization) produced 16% and 6% greater seed yield than "Serifos" and "Andros". Furthermore, the three chickpea varieties produced more seed yield in year 2 than in year 1, which was higher under any irrigated and fertilization regime ( Table 4) . "Amorgos", "Serifos" and "Andros" (averaged across year and fertilization) produced 30%, 31%, and 33% more seed yield under irrigated than under non-irrigated plots, whereas their respective seed yield (averaged across year and irrigation) was 27%, 18% and 13% higher in fertilized as compared with non-fertilized plots. Finally, "Amorgos", "Serifos", "Andros", averaged over years and grown in fertilized plots, produced 22.5, 14% and 11% more seed yield, respectively, than in non-fertilized plots, whereas their respective increase in irrigated and fertilized plots was 30, 15.5% and 15.5% (Table 4 ).
Discussion
The recorded greater total dry biomass and seed yield of chickpea varieties grown in irrigated and fertilized plots than in non-irrigated and non-fertilized plots agree with results reported by Islam et al. [24] who found that application of 15 kg·N·ha −1 before crop planting and 15 kg·N·ha −1 applied with irrigation at flower initiation growth stage increased chickpea yield by 51% as compared with that obtained in non-fertilized and non-irrigated plots. Also, Bakhsh et al. [25] found 36% increase in total dry weight due to irrigation. The chickpea dry biomass reduction in non-irrigated plots could be attributed to lower CO 2 accumulation in biochemical reactions of photosynthesis and therefore to lower carbohydrates production [26] [27] .
The significantly greater seed yield of chickpea grown in year 2 could be mainly attributed to higher and more uniformly distributed rainfall and temperature prevailing during November 2008 to May 2009, as compared with the respective rainfall and temperature in year 1 (Figure 1) .
The increased chickpea seed yield by 30.5% and 20% in irrigated and fertilized plots, respectively, as compared with that in non-irrigated and non-fertilized plots, is in agreement with the results reported by Pawar et al. [28] who found that seed yield was increased with irrigation and the increase was not affected by the growth stage of chickpea at the irrigation time. Also, Bakhsh et al. [25] found that seed yield and most of their yield components were improved by 17% with irrigation, while Rabieyan et al. [29] reported that the effect of biofertilizer (biosuper) application on water deficit stress was lower than that of complete irrigation. In addition, the combined effect of nitrogen + biofertilizer application on water deficit stress was higher than that recorded after their separate applications. In general, the application of nitrogen + biofertilizer under complete irrigation regime increased seed weight, pod weight per plant and 1000-seed weight of chickpea [30] . Furthermore, the combination of inoculation, fertilization (20 kg·N·ha −1 ) and irrigation increased more seed yield of chickpea as compared with that grown under the combination of fertilization (60 kg·N·ha −1 ) and irrigation [31] . In addition, the nitrogen fertilization or the inoculation resulted in higher seed yield and protein ratio of chickpea grown under irrigated than under non-irrigated conditions. Also, Zaman and Malik [32] reported that maximum seed yield, dry matter, pods per plant, seeds per pod and 1000-seed weight of chickpea were obtained with two irrigations, while Ali et al. [33] found that the rate of fertilization had a significant effect on seed yield of chickpea but it was differentiated among genotypes. Finally, the lower seed yield of chickpea grown in non-irrigated and non-fertilized plots could be attributed to drought stress that reduces plant growth and yield by reducing leaf surface area and rate of photosynthesis [17] . On the contrast to our results, Mohamed [34] found that the application of 90 or 180 kg·N·ha −1 did not have any effect on seed yield and yield components of chickpea. The lack of irrigation or rainfall water to increase the efficient use of nitrogen applied could be the reason for these differences.
Conclusion
Although chickpea is considered one of the most tolerant food legumes to environmental stresses such as drought, high temperatures and poor soils, the results of this study indicate that the three chickpea varieties produce higher seed yield under irrigated and nitrogen fertilized conditions. These findings support strongly the evidence that the application of 90 kg·N·ha −1 (50 kg·N·ha −1 before crop planting + 40 kg·N·ha −1 at blossom growth stage) in combination with irrigation (30 + 30 mm of water) results in higher chickpea seed yield, which increases its profitability and makes this crop more important as food security crop for smallholder farmers in the semi-arid Mediterranean environments.
